Historical desert varnish studies
The rock coatings that Darwin (1887) 
Layers in desert varnish
Desert varnish is a thin sedimentary deposit (~<200 µm thick) and using the microscope its most notable feature is the presence of micronsized layers. In typical geological thin sections (30 µm thickness) cut normal to the varnish surface the coatings are opaque. The making of a special ultra-thin section revealed structure within the coating. This heterogeneity was first observed by Perry and Adams (1978) 
Types of rock coating
The black desert varnish is not the only type of Silica glazes are also found throughout the world and have been investigated in Hawaii (Curtis et al., 1985 and Farr and Adams, 1984) , Morroco (Smith and Whalley, 1988) , Oregon (Farr, 1981) and Antarctica. The shiny glazes on rocks including Antarctica were thought to be a result of wind polishing, but recent closer examination of these however shows that they too are coatings ( Figure   6 ). Their clear quality is a result of reduced tinting by oxides. A few weight percent oxides will colour coatings and make them black or red depending on the presence of black manganese or red iron oxides but even these small amounts are not present in most glazes.
Sources of materials
Lustrous rock coatings are observed globally in desert environments and it is widely agreed that desert varnish and silica glazes are true coatings rather than a weathering product of an underlying material ( Figure 6 ). Consequently, (Perry, 1979 together. This is especially true when lots of water is present ( Figure 7 ).
Fig. 4. Optical microscope image of ultra-thin section (~10 µm) of varnish coating taken in 1978
Atmospheric deposits of trace-elements also are introduced and become part of varnish coatings (Thiagarajan and Lee, 2004) . Importantly, the chemical composition of desert varnish necessitates that unused elements and materials need to be removed in a never-ending interchange that allows for the concentration and formation of mineral components.
The role of biology
Conventionally the enigmatic organic-rich desert these investigations used culture-based studies of microbes, both bacterial and fungal (Hungate et al., 1987) . The emphasis was on an exhaustive search for manganese and iron oxidizing microbes. The manganese and iron were thought to have been absorbed from dust by the bacteria and oxidized during biochemical reactions over thousands of years (Dorn and Oberlander, 1981) . According to 9 ) and its slow rates of formation (Liu and Broeker, 2000) . Figure 10 shows a laboratory produced silica desert varnishlike coating made without bacteria (Perry et al., 2005) .
Many forms of biology utilize and concentrate silica including plants and, for example, diatoms c.f. (Perry et al., 2007) . Microbes appear to use silica as a UV shield in high elevation hot-springs in Chile and perhaps the mechanism was used by early cyanobacteria (Phoenix et al., 2006 ).
Life's entombed remains
While cultures of bacteria were obtainable from the surfaces of varnish coated rocks, a direct look at those surfaces using electron microscopes, after fixing the surfaces in order to preserve any biology present, rarely revealed the presence of bacteria. This was revealed by Jones (1991) (Perry and Adams, 1978) . 
Molecules and varnish
Often, less than complete remains of organisms are 
. Following the discovery of amino acids, DNA was found using molecular techniques by Perry et al. (2004) and Kuhlman et al. (2006) . Also several polymorphic compounds are present in varnishes (Perry et al., 2007) and lipids (Schelbe et al., 2001 ). These findings suggest that varnish coatings preserve past biology and as discussed later may be an important recorder of contemporaneous life in the local environment.
Silica and varnish
Now, using a battery of techniques including high resolution electron microscopy, recent work has eventually causes concentrations to increase and, eventually, condensation of the silicic acid occurs to produce a gel. During gel formation, surface detrital material and organic compounds are incorporated and when the gels are dried and dehydrated the components are entombed in a lustrous rock coating , Perry et al., 2007 . Evidence of the action of occasional water is forthcoming from analyses which indicate that despite being formed in arid environments, the coatings have been shown to contain up to 9% water (Perry, 1979) . This in itself represented a conundrum until the hypothesis of water-rich silica was put forth.
Red coatings on the under surfaces are silica-rich. (Perry et al., 2003 Perry et al., Geology (2006) . Hypotheses of formation must stand up to scientific testing and it has often been said that if we could only make a synthetic coating in the laboratory that we must inevitably understand how coatings are made in nature. Figure 10 is an X-ray microprobe map of just such a laboratory generated coating.
Laboratory experiments support the role of silica polymerization. Surprisingly it turns out to be a relatively easy process to make coatings in the laboratory (Perry et al., 2005) . Conversely, several attempts to make coatings using microbes produced no coatings further supporting nonbiological explanations for desert varnish. It cannot be ignored however, that biological organic compounds may effect the chemical formation of coatings when they are present.
STEM with HAADF detectors
SEM with EDAX of a desert varnish coating indicates silicon-rich surface areas (Figures 19-20) .
High-resolution transmission electron microscopy also produced evidence for amorphous hydrated silica ( Figure 23 ) in powdered samples from the Gobi Desert, the Sonoran Desert, the Mojave Desert, and the Namibian Desert. A wafer (~100 nm thick) was cut using FIB ( Figure 24 ) and investigated using a STEM with a HAADF detector and an EDAX. Silicon-rich areas are identified by atomic values using the HAADF detector and then colour enhancing the images to better illustrate the light and heavy element areas within the FIB waffer (Figures 25-27) . Fig.5 ). It has a lustrous glossy look under low magnification. However, as the magnification is increased with SEM, the morphology changes dramatically. Figure 22 shows a variety of angular textures with x5,000 magnification. The textural quality is "sintered" and angular but also exhibits a layered morphology. Perry et al., Geology (2006) . The deepest, oldest layers in the varnish may 
Fig. 21. SEM image of bright red under-glaze (shown in

Desert varnish as a biological recorder
Desert varnish and cultural records
On a barren hillside 40 miles east of Fallon, Nevada are darkly stained rock outcrops (Figure 28 ). The sloping hillside climbs for a few hundred feet above an ancient lakebed. The shoreline of the now dry Lake Lahonton at Grimes Point, where rock surfaces contain rock writing or "petroglyphs".
The rock art incised in the dark coatings is of three main types estimated to be from a few thousand years to as much as 10,000 years before present.
The oldest of these petroglyphs are thought to be part of ritual ceremonies where shamans incised the rock. Called 'Pit and Groove' style, they resemble small craters (Figure 28 ). Petroglyphs are incised in varnish coatings all over the world.
When varnish coatings lack manganese they appear red (Figure 29 ). In addition to providing valuable cultural information the petroglyphs also reveal the formation rates of desert varnish. Rock exposed during the making of the ~10,000 year old petroglyph has a new layer of desert varnish while the younger ~2000 year old petroglyph is not re-covered with varnish. This suggests that desert varnish formation occurs over thousands of years rather than hundreds of years at Grimes Pt.
Desert varnish on Mars
Recently, camera images from the Mars Pathfinder landing site have strongly suggested the presence of desert varnish on many Martian rocks (Murchie et al., 2004) . Angular, equant, and tabular rocks and large boulders display spectral characteristics suggesting varying levels of ferric minerals. These 
